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ABSTRACT 

Four hearing Ss (20'" to 30-years old) and 4 deaf Ss 
(8- to 14- years old) trained in speech discrinination using a vocoder 
(a device which converts speech into tactual vibrations received 
through the skin) . Hearing Ss (artificially deafened by white noise 
transmitted through headphones) received from 2 0 to 80 hours of 
training in isolated words presented randomly, words in connected 
sentences, inflection copying, and rhyming, all of which was 
presented primarily without face-to-face contact with the speaker. 
Deaf Ss received training similar to that for hearing Ss with a few 
differences such as use of a reinforcement system and work on 
articulation. Results supported conclusions such as the following: 
that deaf Ss can be taught to hear five speech discriminations 
through the tactual mode; that hundreds of corrected repetitions are 
required for either a deaf or hearing S to learn simple tactual 
discriminations; and that the S«s memory and ability to discriminate 
increases as the number of words he has mastered increases. (LS) 
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BEST copy WAIUBLE 

TACTUAL IfKARING nXPKRTMENT WITH DKAP AND HEARING SUIWiXTS^ 

Sieqfrii^d Knqolmann 
orouon Ui»Hnarch Instituto and linivnrsi^y of orcqon 

Robert Rosov 
Oregon Research Institute 

A doaf child i^i soriouRjy handicanped biicausc he lacks that feedback 
device posr.nswnd hv the hcarinq child--tho car. As a result of feedback 
deprivation, trn deaf child typirally has trouble both with coqnitive opera- 
tionr^ ami with commutiication. Often he is .seriously retarded in his ability 
to oxprc55s itJeas or concepts; also^ hi« rittompts to speak may merely brand 
him as a h.mdic.it>nnd rhlld, ftince ho cannot match what hu savs aqainst the 
rrodurtions of another speak^^r, ho has trouble producinq different phonemes; 
ho Aften inflectf5 words ir an unconventional and qratinq manner; he has 
onor control of fin^ rit^'h of kis words; and his control of loudness is often 
tenuous. 

The solution to hi?; nrohlrm v/ould seem to bp simple: provide him with 
.1 d^'viro thrit fup-'tmns like an ear. If tho device qave information about 
pitcp* loudnesf;, nnd about thr» character < 'itics of each nhonemp^ the deaf 
<:Jiild would luive the focrtback informaticm hr needs to beqin matching hin 
utterances aqainst those of an/>ther model. 

For over tour df^cadi R investiqator^ have tried to develop devices that 
would function as an ••xtornal f»ar. These investiqators took two different routes 
one wis the vi5;u^l rout«^; the other was the tactual route. The visual route 
was cbarac terizoti bv the use of an oscilloscope, a device that makes a 
"rivturu" of tho sound enorqy pattern of an utterance. The qame the child 



.is to play with this device Is to look at the patterns tliat appear on tlie 
osciUoscopu anO "matcli" them by saving something that produces a picttire 
like the model picture. 

The major problem with this approach is that the analogy between the 
osciUoscoplc pri'sentatlon and the ear Is poor from a psychological stand- 
point. Ulule It may be possible for an osc^Uoscopic presentation to provide 
Information about phoneme structure, loudness, and pitch, the device involves 
yulkS}}?!!* '^^^^ subject chooses certain features to attend to> possibly 
Irrelevant di»tnllft» For a dovire to be more analogous to an ear it would 
i»ave to enf;ure th.u: 

(1) the subiect receives the sound, whether or no!- he wants to receive it. 

(1) the various details of the "sound" are expressed as details that 
arti felt hy the subject (for example, som^*i!dng loud would feel different 
from somethint; not loud). 

^ The sul ject wouUi he able to receiv.* sound information in the range 
of situations that a hearing sub.lect receives the information; the information 
voulil not be rcfuricted to situations In which the subject looked at another 
person, 4»r looK^d at n device. 

Dit ferenr i nvest i i»aiors , over the paf^f AO years, have recognip.ed that 
the tartiL'il vibration strategy would allow for the construction of an external 
mectiani^. :i ! ear th.it is '/onsistent v;ith l:he psycholnpical characteristics of 
hearing;* if^' device would convert words or sounds into vibrr^tion. The 
vibration would he delivered to the subject. Ideally it would contain informa- 
tion needed for the sublect to identify wliat is said, how it is inflected, 
liow lou! it is, iod so forth. Hopefully, the nervous svstem would be adequate 
to handle this infnrr.i.ion and allow for accurate perception of what is 
pro^»MU»M' i:» ti»c fi^rr. .>i vittMiion. Iht* Ium/. r.uii:** v.oa 1 i>f the different 
investigators wl\o •experimented with tactual hearinR uevices, altliou^h not 



always expresaed^ was clear. If the device could be perfected and if the 
subject's nervous systi?m were capable of handling the vibratory lnforination» 
miniature hardware packages could be designed that would allow the subject 
to perform in a range of situations from which the deaf child is currently 
excl tided ♦ 

The first tartual device was reported by Gault and Crane in 1928, This 
device amplified sound from a speaker and presented it to a subject as vibra- 
t'-^n. The device was crude and investiRaturs did not find the results 
encouraging. During 1949 and 1950, Wiener et al, briefly experimented with 
a glove (Felix) that was connected to a vocoder, A vocoder is a device 
used to transmit messages over long-distance telephone cables. It divides 
the speech spectrum into "channels." For example, one channel might cover the 
frequency range of 200-240 Mz. Kvery time energy is present in this range, 
the channel is actlvatecl. The more energy present in the channel the stronger 
the signal becomes. At the either end of the long-distance line, the energy 
from all of the (hannels is reconstructed as speech. 

Fi^lix was designee! so tlial different parts of the speech spectrum were 
dfsplt'iyed on different parts of the hand. The energy from the one part of 
the spectnun artivnted vibrntors on one finger, while energy from another 
part of the spertrum artivated vibrators on another finger. 

Apparentlv Felix w.is used only a few times before the investigators 
abandoned it. 

Later attempts in tjonstruct a vibratory prosthesis also terminated in 
dlscour iger.ent . (;uelke and f'uyssen (10'>9), Kringlehotn (1^68) and Pickett 
uv* PirV^^tr (19f>0 uKi»<i soph ist icated tactual vocoders but noted that the 
prrformar\4 i» ( T th. ir suhi^M ts was not tMU*oura^ing♦ 



Kirman (1071), in hif? review of oxreriments with tactual vocoders, 
concluded: "TIjc history of tactile vocoders indicates that simply providing 
the skin with such f rffouency-to-locus translators as have been tried does 
not enable it to comprehend sneech." This statement is not an assertion that 
tactual vocoders cani.ot work. Kirman also concludes: 

"Neither thn results of past work on tactile displays nor contemporary 
theories of speech perception have provided reasonable qrounds for 
beliovinn it tho skin lacks the capacity to comprehend a suitable 
disnlav of speech." 

Thvte are several possible interpretations that would reconcile Kirman's 
statements : 

(1) The vocodim devices usrd in the rast wore oerfectlv adequate to 
provide the "suitable display", however adequate training was lacking. 

(3) The vocodinq dcvice^i used in the wast were not capable of providing 
the detailed information needed for adeauate sneoch percontion. 

The hypothesis adopted by the investigators of the present experiment 
is 1 above. Analysis of the training provided in previous tactual 
vocoders discloscr. that the investigators seemed to assume that if the display 
wore suitahle (that is, if it provided the information needed for adequate 
spe«ch nercoption), the subject would Inarn quickly^ if not instantly. 
Tht! a'isumption underlying the present study in that a groat dfsal of practice 
would bo needed (probahlv i.t least 1200 corrected tric'ls) before a healthy 
subject could ^e expected to perform consistently on vacY of the early words 
to discriminated. This aaisuwption is based on the nerformanco of congenital 
cararact patients af tor a uurgi ~al removal ot the cataracts (tendon, 1932) , on 
the nurber of trials ne»«ded bv children v?ho are born deaf but later have their 
licni^inci rcatorod throunh sur'^ery, on the performance of speakers of a foreign 
language anu th<» number of r>ractico trials needed for them to "nerceive" discriminabl 
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ulfferences in a second language, on the perceptual performance of people 
such as the Truckees, (who aie relatively deprived of practice with certain 
discritninatiors), and even by the performance of ncrmal infants who at the 
age of 12 mouths often give little indication that they recognize th«j same 
word when It Is presented In different situations. 

Procedure 

Tlie present study divided into the following phases: 

(1) Construction of a tactual vocoder; 

(2) feasibility demonstration of vocoder-plus-training with hearing 
subjects, artificially deafened during the training sessions; and 

(3) preliminary confirmatiou demonstration of vocoder-plus-training with 
deaf sublects. 

Construction of the Vocoder 

The device constructed at Oregon Research Institute (the site of the 
training experiments) Incorporated several new wrinkles, but was not radically 
different from rreVous tactual vocoders. Thv final version used with hearing 
ai:U deaf subjectn eniployud a 21-chnnnel vocoder. The frequency range from 
200 Hz through 4000 \iz was divided into equal logarithmic intervals and 
transmitted through 15 channels. Four low frequency channels extended the 
lower range lo 85 Hz, and four high frequency channels extended the upper 
range to 10,000 Hz. The purpose of the low frequency channels was to provide 
information about fundamental pitch of speech (Flanagan, 1972). The high 
frequency extension aliowed for discrimination of fricatives (sh, ch, s, f), 
which were n'^t adt?quately di '.criminated t the AOOO Hz level for some speakers 
(Hughes aad Hall^, lO^ft; fleinz and Stcvei t;, 1961). 

To rert'ivf tactual Information through the system, a subject attached five 
metal hones (each about 3" long) to the sarface of his skin (using elastic 



bandages to hold the boxes in place and upright). Fach box contained sole- 
noids that x^^ere activated by the vocoder channels, in all, there were five 
boxes (3 with five solenoids each, and 2 with four solenoids each). The 
solenoids in turn were attached to small metal plungers which protruded 
slightly through the base plate of the boxes, l^en a solenoid was activated, 
the plunger pushed against the skin and vibrated. Plungers were spaced one- 
half inch apart in each box. 

Two microphones were attached to the system, so that a trainer could talk 
Into cne and tiie sub.iect could respond into the other. A schematic diagram 
of the ..,>paratus appears in Figure 1, 



Insert Figure 1 about here 



Training Hearing Subjects 

The hearing subjects were four femaJe instructors employed by the F.ngelmann 
Becker Follow-Through Program at the University of Oregon. All were in their 
20's. Training began In September 1972 and terminate! in August 197'j. 
r»uhject 1 received 80 hours of training, Subject 2 received 70 hours, 
Subjet't received 50 hours, and Subject A received 20 hours. 

TIio basic procedure used in all training sessions was for the trainer 
to sit next to the subject. The trainer spoke words into a microphone. The 
subject responded by identifying the word. The subject did not Iook at the 
trainer during the word or sentence drill. Furthermore, the subject wore 
headphones through which was transmitted about 85 -.{B of white noise, thereby 
renderintt the subject artificial ly deaf. Since the subject neither looked at 
thf trainer nor w.is nble to liear the traintT, rh* only source of information 
about t!u' worii*; pr»sfnted came Ihrough tactual vibration. 
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Training HeHslims laKtiul 20 lo 60 minutes (usual ly M) minutes). Although 
there was an attempt to schedule dally sessions, the subjects* university 
training activities took them out of town regularly, often resulting In 
absences of one or two weeks at a time in the training. 

The training time was divided roughly in the following ways: 

Isol ated^ wo rds presented ran doml y - 707 of available training time . The 
exchange between trainer and subject followed this pattern: 

Trainer: Get ready ♦..fan 

Subject: Fan. 

Trainer: Yes, 

Subject: Yes, 

Corrections were handled through the vocoding system, wherever possible, 
with no face-to- face contact (a procedure that was abandoned if the subject 
continued to miss the word), 

Tra iner : (le t ready . , , and , 

Subject: Hand. 

Trainer: Not hand. 

Subject: Not h^nd. 

Trainer: And, 

Subject ; And, 

The Immediate correction was followed by a firm up. The purpose of the 
firm up was both to demonstrate to the subject the difference between the two 
words that were confused and to provide the investigators with information 
about the relationship between the subject's ability to perceive minimum 
diiferences In words and their ability to r emember these differences. To 
firm the ;swh1ect , the trainer would randomly present the two words that had 
been confused (in the example above, and and hand ) until the subject could 
iilentlfv f)-10 consecutive words without making a mistake. 
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Individual words were taken from a master woi'd list (see Table 1). 
New words were introduced to the subject when she reached a specified 
criterion of performance on the words that had been previously presented. 
For two of the subjects, new words were introduced only after they were able 
to identify 70% of the words in their tactual vocabulary on the first tiial 
(the words were presented in random order). One subject operated from a 
criterion of b()% first-trial accuracy. One subject operated on an 80% 
crl terion. 

Voc abulary words presented in connected sentences - 15% of available time , 
Sentences constructed from the word list were spoken at a normal ppeaking rate 
with no great distortions or emphasis. Words were run together as they are 
in normal speech, with no artificial pauses to separate them. Although these 
sentences were not "randomly" constructed, they were low in probability. 
"She was a sly sister." "Boot mother on Wednesday." "Stand up agqin, Linda 
Ycungmayr." "She is not a fan man." "Wiat is a bat?" "Hand me a sister's 
brother." Particular sentences were not repeated. Rather, the trainer mdde 
up different senten-nes each time sentence practice was introduced. 

The procedure for presenting sentences was sinlilar to that used for 
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individual words. 


Trainer: 


Get ready. ..He has a 


Sub ]ect: 


Ue was a little man. 


Trainer: 


Not was. 


Subject : 


Not was. 


Trainer: 


Has. 


Sub jet: t • 


Has. 


Trainer; 


He has a little nan. 


Subject : 


Me has a little man. 


Trainer: 


Good, 


Sub )e<!t : 


Good • 
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In over 90 per cent of the trials on sentence work, no face-to-face 
contact between trainer and subject was Involved. In the remaining 10 pet 
cent, the trainer presented a sign for the word or had the subject look 
as she said the confused word into the microphone. 

Inflec t ton copying - 5:T of the tlme > The procedure for inflection 
copying was for the trainer to present a word from tho subject's vocabulary 
with a unique, sometimes melodious inflection* The subject then attempted 
to match the Inflection and stress. 

f 



Trainer ; 



Sat - ur - day 



Subject: 




Sat - ur - day 

The trainer corrected the subject by facing her, then motioning with her 
himi to nake part of the word higher or lower (a technique the investigators 
recognized would not be effective for deaf subjects who didn't understand 
the relationship between a spatial "up" and a vocal "up"). 

Rhy ming " T' of a vallah i e time. Below is the procedure used fo^ intro- 
ducing rhyming' 

Trainer: Rhymes with and. 

Subject: Rhymes with and. 

Trainer: Yes. 

Subject: Yes. 

Trainer: Rhyme with and ssssss. 

Subject: Rhyme with and ssssss. 
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Trainer: S*;nU. 
Sub jt-^ct ; Sam! . 
Traint»r: cUkhU 
Stib.jei^t : Good 

Both rhyming nnH Inf Um ! ion were introiluced to subject only after she 
had worked on the* voco(h>r tor more than 30 hours • For the two .subjects 
who received tnoro than hi) hours of training, rhyming was used to introduce 
some new words Into their vooabulary. It was also used to correct mistakes. 
For example: 

Triiiiu»r: Uol ready, • .f 1.1 ly* 

Subject : Silly. 

Trainer: Rhymes with silly... fff 
Subiect : Filly. 

^Vh^^J"JJll/il^l9.. Initially most of the words 
were introiluced t ace-t.o-t ace. Sometimes Llie trainer would accompany the 
word with a sl^n tliat siyjiffiod the meaning (fanning herself to indicate fa n , etc. 
I.aier, fa'^e-- lo-face vv'ork was used tc^ direct the subjects on inflection copying 
and rh.y.'Mnj^, par t i fMil ar I y wlien Isolated sounds such as *'rrr'' and *Wim" were 
I nt r(^d«ic«Ml , 

Th«^ 'vor (i i : t 

'Ihe isulaied words presente(i to tlie liearing subjects and those used to 
compose the sentences tliey identilied were taken from a list developed 
a(Ci>rding to tlie following criteria; 

CI) 'Hie list w.ns to provide information about tlie subjects' ability to 
handle wor.is tliat were minimallv different, that is, different in only one 
nc.ontu'ie ('..irvi-b'in. ! , vo~r:ie , i t ~ i s ^ s 1 y^-t 1 v) . 

(2) The list was to pnwide a fair sampling of sing! e^syl labl e words that 
^ '^^*^in wit I: a consiuiant sound and rliose ttiat begin with a vowel sound, 
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(3) The list was to contain at least a modest sampling of two-, three-, 
ami four-syl lablo Wi^nls (to provide some basis for iiulglng the relative 
difficulty oi these words compared with s ingl e--sy 1 lable words), 

(4) Finally, tlie list was to contain many of the words that would be 
used In instruct itms and statement tasks with deaf children (words such as 

Ji:» that , noj, tjnicji, wli^O • 
Th'S list, consisting of ftO words, appears In Table 1. 



Insert Table 1 abt)ut liere 



Per f o r m a n c e Te s t s . 

The subjects were regularly tested 4)n the words in isolation. The 
Initial goal was to test tliem each week, but their travel made such a test 
schedule impossible. A dr(^p-out design was introduced to distinguish the 
relative difficulty of the words in tlie subject's tactual vocabulary. Words 
were presented in random order. If the sul)lect correctly identified a word 
on the first "run throtigli" of tlie list, that word was "dropped" and the subject 
received a score of "1" (first trial). If the subject misident if led a word, 
she was told the word; the word was set aside until the end of the first 
run t!irou^';!i. All words not correctly identified on the first trial were then 
presented in a random order in a second run through. If the subject correctly 
identified a word on this rtm through, a "2" was entered on the score sheet 
for that word and the word was dropped. The procedure was repeated until 
all words had been correctly identified or until the subject had received 
three trials. 

Results wi th Hea ring Stihje cts 

Results of the test performance with hearing subjects is summarized in 

er|c - 
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Insert Table 2 about here 

(1) Performance is a function of practice. Although the subjects 
often received no training for periods of two or more weeks at a time, 
the number of words they identified on first trial generally Increased 
with additional time (practice). 

After nine months of practice, Subjects 1 and 2 scored about 90 percent 
first-trial accuracy on the 60 words (missing only 6 or 7 words and identi- 
fying these on the second trial). 

(2) The rate of acquisition seems to be associated with the criterion 
used for introducing new words. The lower the criterion for introducing 
new words, the faster the subject mastered new words. Subject 4 was on a 
60 percent new-word criterion. After two months, she outperformed the 
other subjects. Subjects 1 and 2, who progressed fairly rapidly, were on a 
new-word criterion of 70 percent, while Subject 3, who progressed the slowest 
was on an 80 percent new-word criterion. 

(i) Subjects 1 and 2 (who received training for the longest period of time) 
frequently achieved above 90 percent correct on the first trial when working 
with the complete list of 60 words. On at least four training sessions 
both subjects correctly identified 59 of 60 words on the first trial. On 
more than 10 training sessicms, rhey identified all but two words. (The 
pertormance on the test was consistently below their training-session 
performance, perhaps a function of inadequate "warm up",) 

('>) Til- relative degree of difficulty of different words diminished 
with training. DurinK the first month of training, 1ft percent of the words 
were not identified after the second trial. After the first two months, 
however, only one percent of the words were not correctly identified on 
ERJC either the rirst or second trial. 
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(5) Kt*lali»il to (/♦) nbovi* Is the obsorv.it ion that the more quickly a 
subjei't mnstertHl a new woriU the better the siibiect's memory for that word. 
The data in Table 2 doesn't lend itself to this conclusion because there 
was a celling placed on the subjects' performance • After all 60 words had 
been intri)duved» tlie subjects did not formally work on any new words, thus 
placing a ceiling on their performance* However, after Subjects 1 and 2 had 
rec4"ived over 60 hours of training their trainers would typically invite 
visit IMS ti> select any five new words. These were then presented to the 
subjoct. The subject could almost always master all words presented in 
difftreni i>rders after a one-trial introduction. A rough estimate is that 
after 6f) hi>urs of training, tlie subjects could master a set of five words 
to a "firm" criterion in l/50th the number of trials required during the 
first montii of training. (This does not mean that the subjects could 
"remember" the words to identify them In subsequent sessions.) 

Ide ntif icatio n of word s in sentences . Although no data were tabulated 
on the performance of snntences spoken at a normal rate, the following 
observations were r,:ade by t!ie investigators: 

(1) vvn over half of tl^e arbitrarily constructed sentences presented 
to the subjects (and usually made up on the spot) were correctly identified 
nn thv fir^t trial, even wtien these sentences were quite elaborate, such 
as, "Hand nother and sister a hoi*t on Wednesday." 

(2) The mi>st frequently missed word in the sentence was the first word. 
In lonv^er sentences, tue subjects would sometimes fail to identify the 

la-41 words; however, actual misident 1 f icat Ions did not frequently occur near 
the oml >f the sentence. A possible explanation is that the first word of 
t:u- ;rntfn r i-i presiM)t-cMl .i>;;nnsl a baseline of silence. The word appears 
mull»Milv. [ho remaining word^ in the sentence, on the other hand, are presented 
ak^ainst a baseline <»f otUor words. It is therefore easier to compare the 



4-liararterlHt Ics of thone words. A Himilar phenomenon wan uhserveci with Wutdd 
prpSiMitcd in Isolation. l>nrin^ r he first wei'ks of rfu» experlnient» tbosi* 
worilH were presented withont a ''net ready'* warning* The errors seemed io 
drop with the introduction of the "get ready'' and a slight pause before 
presentation of t\w word. 

( \) The pertormanre of the suh)et*ts on sentences and the latively 
small amount of time devoted to sentence Ulent I f icat ion seems to imply that 
the perception of connected speech is "easier" than the perception of 
individual words. 

Copyi ng v oi,cg p itch pattern s . 

(1) With a minimum of training* Subjects l and 2 could not only copy 
with the relative pitch of a complex pitch pattern* but could Imitate the 
pattern precisely, varying no more than a quarter tone from each produced 
pitch. This performance was achieved on over 90 percent of the trials in 
which the subject responded to a female speaker whose voice fell in the same 
register as tlie subject *s voice. When a male speaker presented pitch 
samples, the subjects copied the relative pitch (and with diminished accuracy). 
Samples ot Subject 2'r> pitch performance (transcribed from audio recording) 
appears be low: 



i ra i ner : 




lues - day 



Subject : 




Tues - day 
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Tea - Cher 



Sub jtn- 




Tea - Cher 



Lau - r ie Ski H - man 

It. 



.Subject: 



r I r I 

Lau - rie Ski it - man 



(2) A minimum degree of facility with the vocoder seems to be required 
before subjects fan perform on pitch discrimination exercises. Attempts to 
train Subjects 1 and 4 on pitch discriminations after they had received 
between 12 and 20 hours of instruction produced only modest results. Subjects 
1 and 2, however, spontaneously began to match inflections of the trainer 
after thov had received around 60 hours of instruction. Possibly, attention 
to pitch assumes a familiarity with the other speech variables with are 
transmitted through the vocoder. This familiarity may be attainable 
only aftt^r so many words or types of words have become familiar. 

Perfort^a nce as a'^iinction of ralacement of Vibrators , fmb.lect 2 worked 
virh tin. vibrators attached to her fingers. The other subjects had vibrators 

nr t .»rl»e«i to thtMr f«irearms. 

()) No dittorence In pcrtorman«e seems to be attributable to the place- 
mt-nr of the vibrators since Subject 1 performed at least as well as Subject 2. 
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(2) Subjects 1 and 4 pcrforincfl as wrll wh&n the* vibrators werv 
trannforrod to their l«qr.. The same conf Iquration was maintained (thp *amd 
rolativo fioaitlon of th« vibrators), and the transfer was instant. In fact, 
Subject 4 |>erfornied aliqhtly hotter on all words in her list the first time 
she work#»d with the vibrators on hor loqs. Subject 1'?; t>erforinanco was only 
slirihtly inferior the first time she responded to the vibrators on her leqa. 
The kind of transfer exhibited by Subjects 1 and 4 would indicate perform- 
ance observed was a function of mastery of the patterns, not of any neuroloqical 
adart<'»tion or increased sensitivity of particular body parts. The subjects had 
learned how to attend to specific details in a complex array. When the array 
was transferred to their legs, they had no trouble processinq the information. 

Tralninq Deaf Subj ects 

In Auqust, 1973, traininq of the hnarinq subjects was terminated. Kith less 
than 100 hours of intensive training, two of the sulijects had mastered difficult 
phonemic discriminations, had learned to match inflections, were able to handle 
rhyminq tasks with reasonable accuracy, and wore able to perceive sentences pre- 
sented At a normal speaking rate. The investigators judqcd that deaf subjects 
would learn the same skills but that 5 hey would start from a much lower starting 
rn>int and ther»>fore would probably proceed more slowly. 

In Auijuru, work witJi throe deaf subjects benan, A fourth subject wns added 
m Novffnbci l'J71. .Subjects were young males, each with a bilateral hearing loss 
oxcftodinn !)5 db in tho range of 250-flOOO Hz. 

Subject 1, an oiol^t-yoar oiU boy, was riuite alert, hut was lackinq all 
but tUr most rudimentary sprech behaviors at the beqinninq of training. He 
v.is substantially behind in academic skills and tended to "act out" in school. 

ui-i'v.-t ' , a 14-voar ol.j boy, Wc»b quite vorbal and articulate on phrasos 
that arc used in everyday oxchanqen. Mis verbal por formanco whon readinn a 
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third«<tfari€* h6olc# howov«!r# was lamely incomprehonftible ^^t f;he beginni^iq oi 
trainlmu h hif* hearin^t aid, he wdi) abkQ to hoar voia^B and Identify some 
words whnn ho was not facinq rUe speaker. 

nubjcct 3 was a n^yoar old boy who !)ad a history of behavior problems. 
f!e seemed oancr and rooporativet although hlK sn^och behaviokf (as well as written 
cotnmuniration skills) were nrossly deficient. 

.Subject 4 was an eiqht-year old boy who was lackinn in all but thu most 
olcmcntarv speech behaviors. 

.^uhlectf) If 3# and 4 wore prohibited from usinq hearing aids during 
train! nq sessions with the tactual vocoder. Dur^nq ir^st of the experiment subject 
2 was allowed to use the combination of tactual information and what information 
he could secure throuqh his hearinq aid. 

Althouqh the procedures used in the training session were similar to those 
used with hearinq subjects^ there were differences, fipecifically : 

(1) Vibrators were placed on the subjects • thiqhs (three boxes on one thiqh# 
2 on the other) so that the subjects' hands would be free to touch objects or 
pictures. 

(2) Particularly durinq the first two weeks of traininq the subjects res- 
ponded hy touchlnn rather than by proiucinq verbal responses*. 

(1) Home tii«e was spent durintf each period to work on articulation 
(to nrepare the children for verbal responses and to break up the period) . 

(4) Because of the need to teach basic speech skills in connection with 
the perception of speech Patterns # lonqer periods were introduced (initially one 
hour a day for six days a week» and later for five days a week). 

(5) A reinforcement system was introduced to "turn on" the subjects and 
koov them on task. Children worked for pennies or nickels. The rules for earn- 
\nq these rewards varied with each child's proficiency. 

(A) The emphasis of the traininq sessions was not on isolated words or 
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phonemon but on connnctod soatnnco^^ The ration^sle for thiG empha^^iis; i& that 
a nor i Of; of Ki^nM'nco!; noul^i pres€*ntecl in such a way that the subject actually 
had to attend to onlv part of this &i6ntonc#8« Here ai#? two Borios that pemit 
»«»Ui?tlvi» fittentioni 

(a) ^ouch the <pauf?«) qlass 

Touch tho (tiauso) olophant 

T'ouch tho (paufie) car 

Touch the (puusn) monkey 
(h) Pick up the nonk^v 

Hand mo tho ri^onkoy 

I am not a monkov 

Is this a monkey 

(7) AG much as possible^ the emphasis of traininq was on the discrimination 
of wordH contained in sentences* The investigators reasoned tliat the deaf chi.ld 

typically quite comfortable witii "word qalad/* an indication that he lacks 
the "syntactical nonso" of a hoarinq suhiect* Therefore^ tho qoal was to provide 
the deaf fiubi^^cts with as much "imprintinq** of syntax as possible* To achieve 
this qoal^ the various tasks W4're desiqned ho that all work, includinq word 
Identification tasks wf*re prosenrcd in a syntactical conteMt. Typically after 
less than a month of traininq, the trainer introduced this format for word 
ident if icrit ion tasks. 

**^et roacJv. . • .r»ay th*^ word (nauso) qlasst niass." 

loiter, the "qet readv," tho pause, and the repetition of the word were 
dropporj from tho forjr^at: "'^ay the word monkev." 

Ti;^ sui>iect responded either with the word at the end of the sentence or 
tho ontirt^ sentence, "nay the word monkov." 

A yari<*tv of "phrases ' -^ere introduced so t^.at work on v/or<l*identif icat ion 
could he conductpd in different syntactical contexts. Each subject was tauqht 



five or niorc! phrases, such "picM up.,,," "touch.,./' ••hand me the.../* 
"thir. ts a(ri).../' am a "thia is not a(n).../' atn not a(n).,." 

Durina most of the iraininct fiassions, tho trainor would present sontencc^i; 
cowpo.^ed of the '•words" i^i the child's tactual vocabulary and the phrases. For 
oxampli*, here i» an excerpt froh. the sixth week ot traininq with Subject 2; 

Trainer t Tou*h the ql^iss. Subjf^ct; l ouch the qUss. 

Pick up the elephant. rick up the eleph^int. 

V'^s. Yes. 
T am not a nlass, I am not a cow. 

N'ot cow. Kot cow. 

Class. 

Ves. Yes. 

The Training ^o«^f;ionf; 

Tn all work with wotdsi and sentencen the subject did not look at the 
trainer* Th*» only information received by the subject was throuqh the vocoder^ 
Th'^ trainerr; tri»Ml to corro.:t mintakos throuqh the vocoder, with no visual 
contact., This wdj; not always possible durinq the early sessions but became 
in-rca^j j nmly rvmaqeahlc as the subiocts attained qreater skill. 

holov, is a ^h^'^f-rint ion of oach of the activities pr€^8ented durinq tho 
tr*iininM G*>ssion« and a bri»»f rat innalo for each. 

( 1 ) £acp- to-f acr wor k on ar44culatinn (I5i of available traininq tine) . 
Th'^ invootiqator» were faced with a difficult trade-off in terms of showinq 
ro«;uUft with th-^^ vocoder, Perhaps the nreatest potential of the system lies 
in the area of Selpmo a deaf child sneak in a conventionally acceptable manner. 

The suhiect's ability to use feedback about the derails of speech is 
limited by the suhiect's capacity to ''hear** or perceive these details, Tf the 
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))ul>1iict cannot ••hoar** tbf? difference batwcdn the sound and the ••^h'* 
nound, ho in pro-r?mpt#*4l fiK^ '*matchinc|" the sound produced by th« trimmer* 
Tht> p*?rcf»ntion of Bpo«ch in a orerequisitc to sophisticated articulation 
training; thc^re fore ^ the investlqators established speech perception as the 
hiqhost priori Iv* 

Thf? content of the faci*-to-face articulation work varied with each child. 
The rule followed I v tho trainers was zUiBx Tf the child isi to (|ivc a verbal 
response to any the tasks you present, work on the articulation of those 
respomies. Make sure that the subioct can produce an acceptable, if not per«» 
feet, response. Limit thr^ amount oi time spent on face- to^f ace work to no more 
than a minutes a session* 

The initial face*to-face work concentrated on the production of basic 
sounds. For example. Subject 1 initially could not say words beginning with 
an "m" sound, ite stopped the "m," sayinq '*mmbe" instead of **me'\ Subject 2 
h«;d a similar problem witl)'*u** sayinn '*s (t) ittinq" instead of **sittinq*'. Later 
face«to«>face work focused on more advanced skills, such as sayinq a sentence 
without stoppinq between each word, for example, sayinq, "Xainuman," rather than 
••fyn amm oay monn." 

(?) W ords and nontoncos — ( of available timc i As noted above, the qoal 
was to introduce wordr* in a syntactical context as early as possible. Because 
of the manaqement and articulation problem that obtained durinq the first days 
of traininn, however, the trainers had to present a series of "touchinq tasks.'* 
A disnUv of threo or more objects v;as placed in front of the child. The trainer 
Rat sliqhtly behind thi» child so that he could not sec her face. 

Trainer: '^.ot ready .... touch th<» (pause) monkey .^!onkey. 

*.ho f:hil(t w.i'; not re-^niirod to produce a verbal re<;T^nne. he was required 
simply to touch thn arnropriato object. After perhaps 0 hours of training a 
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format rcquirinn a vorhal rc*3non5C from this child war; introduced* 
Tr«iim»ri not roady. touch tho (naust) monkey Konkny • 
Thif child was now rortuircd to touch the appropriate objoct and .say tho 
appropriate name, "r<onkey/' 

Af; nart ot the work on words and ^onhonces tho children were tested 
at I'Mst iwicn a wonk, A tor^t consisted of the presentation of all the words 
in tho child '5; vocabularv. Words wr?re presented one timo in /andom order* 
Train^in rrrordfid the firfJt-trial for each word* Durinm the test8# the words 
were r>reftantcd in sentc'nce contexts , uainq a format familiar to the child* |{ow«» 
over, the 5ame phra{;<) wa^; uned with all the word;; to5;ted« For example^ all 
words would he preceded by ''this is a(n) for a niven test. For the next 

fco»t, all words r^inhf he preceded bv "sav thi> word.,,," The convention of usinq 
the ^amn phrase for all words was introduced to simplify the recordinq of data* 

(3) lr>ol.itod ?iounds iini rhvmin'^: 10^^ of available time , Ourinq the early 
training se^sion^^ work with letter identification was implemented with Subjects 
1, a, and 4, Th*> children identified letters by their sound (the letter) 
"s* bcinq identified as "ssss" for enample) . 

Iwtaf subU?ctn who received training for at least 20 weeks wore introduced 
to rhvtv'inn tif«ks, Tht> format for theso tasks was the same as the format for 
the heaiinq subjects, 

Trainor: Hivmo*; with at. Subiect: Ktiymes with at, 

rrrrrr rrrrrr, , • , • 

rrat, , , rrat , . , 

aood , qood , 

Rf.vtpcs with at Rhymes with at 

snn, , « sss , • • 

Tho ratinruilo for work with rhymi nq was that it could be a useful source 
Q of information about the individual sounds within words (and that the words 
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are composed of individual and diffprent sounds). Tho rhyminq task!3 rarely 
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r!)C(:mMtoil 4 minuter durinq a »of;sion and UBUcilly involved th<* proftcntaLion of 
tho«f? sounds; "rrr," "mnw/' "nUhh/* " and somctimt'F? "111". 

(4) L in^uarye-action tasks; 10% of rivalJrablo time . The work with Lin- 
auaqe action taskr; involved a less structured use of lanquaqe. The trainer would 
prcftofit taskK fiom a Lo<»k. The- subject was not nrchibited from looki»iq at the 
trainer; howovor, the trainer pointed to illustrated matter on the paqe and. 
often r»resented ta.^^ks whil*^ the child was Inokinq at the paqe. The trainer 
would tyri rally nresf?nt ta:;k5; such as: 

'*v?>iat is this? Is this a man? Say the whole thinq What is the 

•liri doina? ^ay the whole thinq Is the qirl sleepinq? Is the qirl 

ridinq a hors^o? is the qirl sittinq? Is she climhinq a tree? " 

The child was not required to repeat the questions presented by the trainer; 
however# from time to time the trainer would follow a question by sayinq, "What 
did I sav?" The child received Fx>ints for correct responses. 

Lanquaqe*action tasks comprised as much as 20 per cent of the early training 
periods. Thi^y were used as a **chanqe of pace" to reduce the hiqh deqree of con- 
centration required hy the word identification tasks. After the children had 
b<»en in the traininq proqrom for lb weeks the lanquaqe-action tasks assumed a 
position of less prominence. On many days» they were not presented at all 
(particularly on test days, when tho list of words became quite long); however^ 
then*! tasks wore often used as rewards for a qood performance. 

The Word Lis tn 

Kach child work^^d from a sliqhtly different word list, and none c>f the lists 
was ulenriral to that used by the hearinq subjects. The lists were "individuali2ed" 
^icccrdinq to a) the individual child's ability to articulate different sounds; 
and I.) thr x nvos t iqatorr. * manipulation of discriminations within the vocabulary, 
r»o that assessments of the chil<rs loarninq rate, retention, knowledge of individual 
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sounds, etc., could be evaluated. 

As a rule, words were not presented unless the subject was able to articulate 
the word in such a way that it would not be confused with any other word in the 
child's tactual vocabulary. During different phases of the work with deaf subjects, 
the Investigators introduced difficult words, in an attempt to see how long it 
would take the subiect to master these, whether they had a deteriorating effect 
on the othpr words the child had mastered, whether their introduction facilitated 
the child's ability to generalize to new words, and whether more practice was 
required for these words or for words presented at the beginning of the program • 

For example, by the 22nd week of trainina, subject one h^^d 37 words in his 
voC'\r:ulary . Among these words were she and mother . During the next week, the 
foliowina words w^re introduced: see, brother, other , bat , r/^t and fat . The 
invest iqators observed the effect the introduction of these words had on the 
child's f>rk^formance. 

Durina most of the training, the trainers followed a performance formula 
for introducing new words. The formula was based on 70-80 per cent first-trial 
performance. If a child's performance level fell below 70 per cent, the trainer 
drorppd wnrds in the vocabulary and firmed the remaining words. When the first- 
trial performance exceeded 80 per cent, tie trainer introduced new words and 
i ntO'Tr.jt or^ f.heso wi tV» the othors in tho child's vocabulary. 

Pel r^^^2r£pr_n 

ror>itive r^nnf^^rcers wf.»ro used with all subiccts on sentence identification 
*^inV.n • T\ o reinforcement schedule varied according to the task presented and to an 
iivi iual rhild'r; behavior. Initially, all children received one tx)int for every 
nnrror^t ro<;r)nn*^e. After oarnma 10 noints, the child received a penny or a nickel. 
If children developed a nattorn of ouessing, the f^chedulis was changed so that the 
i;hild had to make so many consecutive correct responses before earning a nickel 
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or a penny. At the end of each training period, the child was given an 
opportunity to purriuiso items that had been placed in the "store," or he 
was allowed to keep the money. 

Initially, no points or money were awarded for face-to-faco work. Later, 
contingencies wero i nirodurod so that the child was reinforced for performing 
acceptably on words or phrases that had been practiced in face-to-face work. 
For example: 

Trainer: Get ready, (pause) Touch the glass. 
Subject: Touch.. .the. ..glass. 
Trainer: Good. 

Trainer awards two points to the child and says face-to-face, "Two poincs. 
You said glass . So I gave you a point for good talking." 

Results and Discussion 

Subjects were tested weekly on words in isolation. The results of their 
first trial performances are summarized in Table 3. The data for the table had 
been obtained after Subject 1 had received 36 weeks of training (approximately 
160 hours) and the other subjects had received less training (ranging down to 
12 weeks for Subject 3). As Table 3 shows, the performance of the deaf subjects 
is similar to that of the hearing subjects, although perhaps slightly slower 
during the first month of training. Like the hearing subjects, a) performance 
improves with practice, b) the relative difficulty of words decreases with practice, 
and c) subjects were consistently able to maintain fir.?t-trial accuracy of 
70 per cent or better even as their tactual vocabulary expanded. 



Insert Table 3 about here 



Since each subject worked from a slightly different vocabulary, the 
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performance for each subject Is presented Individually* 

Subject 1: Subject I's first-trail word-identification performance 
over 36 weeks uf training is summarized in Figure 2. The top of each bar 
indicates the number of words in his vocabulary. The shaded part of each bar 
indicates the number of words correctly responded to on the first trial* 



Insert Figure 2 about here 



The performance of Subject 1 is more variable than that of any hearing 
subject* This performance variability was at least partially caused by 
experimental manipulation, particularly during the weeks 23-26* Twelve 
difficult words were introduced during these weeks* 

It is difficult to say whether Subject 1 learned ^s rapidly as the 
hearing subjects* His training sessions lasted one hour, compared with the 
half-hour sessions for the hearing subjests* At the end of 14 weeks. Subject I's 
vocabulary consisted of 27 word;i* All hearing subjects had vocabularies of 
more than 27 words by the end of the 14th week of training* One hearing subject 
had 27 words at the end of one month; another had 35 at the end of two. 

The rate of deaf Subject I's mastery, however, is impressive, particularly 
besinnin^ with the 31st week of training* During weeks 32 through 35, 
twenty -seven new words were introduced* Performance on these words (as well as 
the others in his vocabulary) is maintained at 75 per cent or above* In contrast 
to this performance, mastery of the first 27 words in the program had required 
14 weeks of practice. In calendar time, the rate of mastery increased 3.5 times 
over the initial rate. The saving in number of trials is even more dramatic ^ 
When the first 27 words were introduced, these were the only words the child 
practiced during the training sessions* Mastery of these words required approximately 
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1^,000 trials, compared to less than 1400 for the 27 newest words added durinK 
weokrt l.!- ^5. Also, tUo t vpo of d Incrimination roqulfPiJ the? latter task is 
more ditficult, sin^re the child not only had to identify the 27 new word.s but 
had to distinguish between them and other similar wordfi in the vocabulary* For 
example, a word such as sit (introduced in week 34)could have been confused with 
sat, t'at , see , and five other words that bej»an with £. This task is theoretically 
more difficult than the task in week 12, when the first ^-beginning word ( sister) 
was introduced. The probability of confusing sister with similar words was 
net as great because there weren't as many similar words in the list. 

Subject I's nerfornanjc on five now words presnntetl durinq the 34th 
week of instruction is Rummari?.ed tmlow by trials. The words were:cat, rjo, jump^ give 
p ut . The fivo words w^ro presented in random order until the child achieved two 
cunsccutivo nerfcct runs. Thnn the words wore randomly inteqrated with 1& familiar 
words and aaain nroricnted until the child achieved two perfect runs. 

First, the fivo-word snt: 

Trial 1 5/5 

trial ? .V*i 

tri. 1 3 S/S 

trial 4 V5 

Then th*> fiv** wordr. when randomly interspersed with 16 familiar words: 
Trial 1 Vi 
trial ? 4/5 
trial 3 V5 
trial 4 b/S 

Th»» rato at which ^uLjoct 1 was capable of learninn matched or excelled 
fhat. of hearing 'uhj'>ct.': 1 2. 
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Subjert 2s Figure* 3 Humnuirizps the performance of Siibiin't 2 on first-trial 
correct itk*nt if Ic.-it Ion lor tiiu .^<> weeks of part ii'l pat ion In the experitneni. 
The hsavy vertical lines on the figure mark the period during which the subject 
did not wear his hearing aid (weeks 9-17). During the remaining v;eeks (1-8 and 
18-26) Subject 2 used his hearing aid and the vocoder during the training 
sessions* 



Insert Figure 3 about here 

Subject 2 progressed quite rapidly during the first eight weeks of 
training* When he was prohibited from using his aid, he virtually had to 
start over* His rate of progre&s without the aid, however, seemed reasonable* 
By the end of the sixteenth week, his vocabulary consisted of 2A words, only four 
less than Subject I's vocabulary at this time* 

With the re introduction of the hearing aid. Subject 2 proqressed rapidly, 
particularly durinq weeks 23 and 24. Twenty-nine words were added to his voca- 
bulary durinq these weeks, while his ncrformance consistently remained at or 

above 70 per cent. 

The extent to which the subiect relied on information received through 
hib hoarinq aid is not oasy to determine. What seemed to have happened durinq 
the traininq was that the subject became more proficient at "hearing' tl»e training 
words throunh his aid. VJhen tested durinq the 8th week he performed at about 
65 pox cent accuracy in response to training words when he used only his hearing 
aid (not usinq the vocoder and not looking at the trainer). His performance with 
only tho vocoder wa-. about 40 por cent accuracy on the samfi words. His performance 
when both the vocoder and aid were used was about 04 per cent. The investigators 
were quite surprised, however, to find that the suJjjecfs performance on comnon 
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worU» not in the vor.ihulnry was only iihout 20 jer rent nccuracy when the i;ubj(;i!t 
ustiU the hearing aid only. The conditions wort? thtt same dn those used to tast 
the training words. Apparently, however, the subject learned to "hear" or to 
use his hearing aid with far more precicion than he had in the past. Perhaps 
the roptjtiLiou and focus provided during the training sessions taught the child 
to attend to information to which he had not previously attended. 

Subject 2 was dropped from the experiment after the 26th week, at which 
time he was able to perform acceptably with a vocabulary of 95 words. The 
primary reason for dropping him was that the training sessions were conflicting 
with other activities in which the subject wanted to participate. 

Subject 3: Figure 4 shows the performance of Subject 3 on first-trial 
accuracy. At the end of the 12th week his word list consisted of: elephant , 
cow, monkey , glass , chair , shoe , book , table , tape recorder , Rodney , paper , 
light , sister , m and m , ashtray . The performance of this subject is slower 
than that of the others. During a two week period, he was not available for 
training and during most of the experimental period (12 weeks) he was exper- 
iencing a niunbur of personal problems. The investigators m«ke no assumptions 
.ibouL the extent to which these affected his performance, except that they 
resulted in frequent absences. 

Insert Figure A about here 

'^tibject 3*f5 rate of progress durino the first four weeks was as rapid 
as that of Subject ? and surpassod that of Subject 1. Subject 1'b performance 
dotoriorated ?5orrewhat followinq a tv;n-wc**>; absence fron the training; however 
hir, perfornance was not substantially behind that of Subject 1 at the end of 
the I2th week (at which timr* fSubj^ct 3 withdrew from the experimerit) . 
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Subject 4: As Fiqure 5 indicates, the first trial performance of Subject 
4 improves more slowly than that of tl;o otht«r deaf subjects. Durina tho 2<»th 
wfiok of traininq. Subject 4'8 vocabulary consisted of only 36 words, compared 
with t>3 for Subject 1. The reason for tho relatively slow progress of Subject 
4 is not apparent. Durinn the sixteenth week new traininq and firminq procedures 
wore introduced and Subject 4 apparently had trouble adjustinq to these. At that 
time, the number of words in his vocabulary was reduced from 29 to 22 and the 
Chi la required oiqht weeks before the number of words exceeded thirty. The 
proqress from thn seventeenth week on was relatively stable although not rapid. 
At the end of the ^''th week. Subject 4 was able to learn new words quite fast, 
althouqh not as rapidly as rubject 1. To master five new words. Subject 4 
required six run throuqhs or 30 trials. The trainers suqqest that Subject 4's 
major problem seems to he his memory. He learns quickly but has some difficulty 
remembering words from day to day. 



Insert Figure 5 about here 
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(1) Deaf fiul can be tauqht to hoar fine f4F^<?c?ch diecriinina tionfii through 
tho tartu.il node?* 

(2) The porformancf of subjects if; no.qitivelv corrol.ited with practico and 
seems to bo Jlonrlv a fuaction of train inn. 

(1) Tho nxxoHi for tho atipropriato factual dlanlay of ,-;pQech therefore, 
must be conducted within thn training contaxt. The adcsqnacv of a display is 
f^vidont only after sufficient traininq han been provided. 

(4) Hundreds of corrected repotitions are ronuired for either a deaf or 
hearinq sub jeer to learn uinplo tactual differ iminations . 

(0) The subject's memory and ability to discripinatr increases as the 
number of words ho has masterc^d increases. 

(Ti) Initially deaf subjects loarn morn slowly than hearinq subjects; howover# 
their rate seems to match that of hearinq su>>jocts onco an initial set of perhaps 
30 words is reliably mastered. 

(7) The rate at which a subject is able to learn now words increases with 
the number of words the sul^ject has mastered (a relationship that cannot obtain 
indefinitelv hut v^hicl. ir, apparent durinn pi r haps the first year of instruction 
and pn'>baMv will obtain for a lonqer period). 

I^eaf subjects as well as heaririO sul)jects are /iblc to attend to 
proso.iic tea turns of speech in.;ludinn stress and pitch when speech in presented 
tactual Iv. 

P'^rceptjon of sentences ir; no rK>ri? difficult for the hearinq an<l deaf 
su^jjects fhan nercontion of isolated sounds or individual words. 

i'l.i* invoiitriqators f'^jl that rho tactual experiment is imrortant. It provides 
A uniouo q]irrr^;c into tho amount <m \ tyf o of practice needed for a pcu sor; to 
learn to ur^r a r\o% sensory modality. It brinqi: issues of neurology and traininq 
doqma into shair ^^^cus, with the proof \>r\nn f,Un performance of the deaf children. 



31 



With note sophisticated hardware than that us^^d in tho prcsf^nt I'xporiment, 
stroamlinrd and minlciturizcd^ tho doaf infant could learn to **hQar" usinq 
tactual input in exactly tho f^ame way the hiiarinq child learns to hoar. It 
would Hoem that Moth would pronross as normal "hoarinq** children^ with the? 
!*aU)linn^ spooch behavior cind imitation nattorns of nor^nal hcarinq childircn* 
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Figure Captions 



Figure 1. Tactual Vocoder Schematic 

Figure 2. Firs. Trial Word Identification Performance for Deaf Subject #1. 

Figure 3. First Trial Word Identification Performance for Deaf Subject #2. 

Figure 4. First Trial Word Identification Performance for Deaf Subject #3. 

Figure 5. First Trial Word Identification Performance for Deaf Subject #4. 
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